Background. Oncology research increasingly involves biospecimen collection and data sharing. Ethical challenges emerge when researchers seek to use archived biospecimens for purposes that were not well defined in the original informed consent document (ICD). We sought to inform ongoing policy debates by assessing patient views on these issues. Materials and Methods. We administered a cross-sectional self-administered survey to patients with cancer at an academic medical center. Survey questions addressed attitudes toward cancer research, willingness to donate biospecimens, expectations regarding use of biospecimens, and preferences regarding specific ethical dilemmas. Results. Among 240 participants (response rate 69%), virtually all (94%) indicated willingness to donate tissue for research. Most participants (86%) expected that donated tissue would be used for any research deemed scientifically important, and virtually all (94%) expected that the privacy of their health information would be protected. Broad use of stored biospecimens and data sharing with other researchers increased willingness to donate tissue. For three scenarios in which specific consent for proposed biobank research was unclear within the ICD, a majority of patient's favored allowing the research to proceed: 76% to study a different cancer, 88% to study both inherited (germline) and tumor specific (somatic) mutations, and 70% to permit data sharing. A substantial minority believed that research using stored biospecimens should only proceed with specific consent. Conclusion. When debates arise over appropriate use of archived biospecimens, the interests of the research participants in seeing productive use of their blood or tissue should be considered, in addition to addressing concerns about potential risks and lack of specific consent. The Oncologist 2020;25:78-86
INTRODUCTION
Translational research, in which blood or tissue from patients (termed "biospecimens") is used to understand the molecular basis of disease or response to treatment, is an essential component of cancer clinical trials [1] . Patients participating in trials are routinely asked to donate biospecimens for purely scientific purposes and often have their biospecimens and data stored for future research. There are now many biobanks built from tissues contributed by participants in completed cancer clinical trials that represent a valuable scientific resource. However, although informed consent is required at the time of donation, both the nature of research with biospecimens and ethical concerns over their use continue to evolve over time. The details of informed consent documents (ICD) signed by patients at the time of donation can fail to describe important aspects of the science or potential risks to participants that would routinely be included in modern ICD, or understandably fail to imagine the science that might be possible in the future. This leads to an ethical dilemma: can identifiable biospecimens donated by cancer clinical trial participants for future use only be used for research within the scope of the original ICD, or, with appropriate scientific and ethical oversight, may they be used for research that was not anticipated when the biospecimens were collected? Which choice is most consistent with the interests and preferences of the patients who donate tissue? Under what conditions could this be considered?
These are not purely academic questions. There are many examples of cancer trials in which patients agreed to donate biospecimens on the basis of ICD that do not cover details of modern cancer research. For example, older consent forms may discuss only the patient's specific cancer type, failing to anticipate the modern understanding of molecular changes that transcend tissues of origin. Some older ICD discuss only tumor specific "somatic" genetics and not inherited "germline" genetics, raising questions about whether researchers can use modern next-generation sequencing that evaluates all genetic changes. Additionally, older ICD often state that access to participants' data will be restricted to a specific institution or collaborative group, failing to anticipate the modern world of data sharing.
This study seeks to address pragmatic questions that many investigators and ethical oversight bodies wrestle with daily: under what circumstances, if any, can archived biospecimens be ethically used when the proposed research is outside the scope described in the ICD? Ongoing efforts to prospectively improve ICD are largely silent on the question of how to manage existing biobanks [2] [3] [4] . The answers to these questions have implications for how we use the vast collections of stored biospecimens in modern research and how we can best respect the interests of clinical research participants [5] .
Although studies have documented strong public support for biobank participation, there is little empirical literature to guide deliberations over use of archived biospecimens when the adequacy of informed consent is uncertain [6] [7] [8] . This challenge can be expected to persist as biobanks proliferate and both scientific methods and standards for informed consent evolve [4, 9] . No prior empirical work has addressed the views of patients regarding permissibility of biobank research when historical informed consent appears inadequate. We sought to address this gap in the literature and identify factors that impact patient perspectives in this area.
SUBJECTS, MATERIALS, AND METHODS
We conducted a self-administered anonymous paper survey among patients receiving care at the Massachusetts General Hospital Cancer Center (MGH) between January and July 2017. Eligible patients were English-speaking adults presenting for routine cancer care. Patients were offered a paper survey to return in clinic or by mail. The study specific survey was developed by a multidisciplinary team with expertise in oncology, research oversight, bioethics, and patient advocacy. Questions were based on prior literature, focus groups, and expert opinion [10] . Survey domains consisted of sociodemographics, clinical characteristics, attitudes toward clinical research, knowledge of genetics, expectations regarding use of biospecimens, and expectations regarding protection of research participants. Three scenarios were presented based on real ethical dilemmas involving proposed use of archived biospecimens in cancer research. The survey included a glossary of terms, piloted and refined based on five patient focus groups, and defined technical issues and terms prior to the scenario questions [10] .
We categorized participants' attitudes toward medical research as an independent variable based on response to four survey questions developed from focus group participant's statements about research (see Fig. 1 ), including two positive and two negative statements. Participants were characterized as possessing positive views (agreement with both positive statements and rejection of both negative statements), negative views (agreement with both negative statements), or mixed views (any other combination). We also characterized participants' genetics knowledge using two questions adapted from a study of genetic literacy ("genes are inside of a cell" and "cancer genes cannot change over time," with response options of "true," "false," or "not sure" for each statement), rating participants as more knowledgeable (both questions correct) or less knowledgeable (all other responses) [11] .
All data were double entered into REDCap, a web-based, password-protected electronic database. Frequency distributions summarized descriptive data and predictors of responses were evaluated using Fisher's exact test with a two-sided significance threshold of p < .05. Logistic regression was used to assess whether univariate associations with p < .20 remained significant after adjustment for other covariates in a multivariate model; however, for all three scenarios, multiple variables were never simultaneously associated with an affirmative scenario response using p < .05; thus only univariate results are presented. The study was approved by the Partners HealthCare institutional review board.
RESULTS
Among 348 patients approached, 240 completed surveys (69% response rate). Demographics are presented in Table 1 . Median age of participants was 59 (range, 24-91), 88% were white, 5% were Hispanic, 3% were Asian, 2% were black, 79% were women, and 81% were college educated. Fifty percent of participants reported household annual household income over $100,000, 25% reported $50,000-$100,000, and 15% reported annual income under $50,000. The majority of patients had breast cancer, but 13 cancer types were represented. Thirty percent of participants had metastatic disease, 27% had donated tissue for research, and 37% had participated in some form of clinical research.
Attitudes Toward Biomedical Research
Participants expressed generally positive attitudes toward biomedical research. As shown in Figure 1 , 98% agreed that "medical research improves treatments for future patients." Similarly, 76% agreed that "researchers can be trusted to protect patients in studies," only 5% disagreed, and 19% were unsure. Four percent of respondents agreed that "patients are pressured into participating in research," and 7% agreed that "researchers care more about the research than they care about study participants." In total, when characterized as described above, 68% of respondents had positive views of research, 21% held mixed views, and 10% had negative views.
Willingness to Donate and Expectations Regarding Use of Tissue
We asked a series of questions regarding participants' willingness to donate biospecimens for cancer research and expectations regarding use of their samples if they did donate. Virtually all participants reported willingness to donate blood (94%) or cancer tissue (94%) for research. Most (94%) expected that if they donated blood or tissue, "It will be used to help as many patients as possible." Furthermore, 86% expected that their biospecimens would be used for "any research viewed as important by researchers, provided there was no risk to participants." However, 31% also expected that their biospecimens would be used only for research they had specifically approved. Additionally, 94% expected that the privacy of their personal health information would be "carefully protected." There were mixed expectations regarding data sharing, with 46% expecting that their health information would not be shared with other researchers (30% disagreed; 23% were unsure).
Factors Influencing Willingness to Donate Tissue for Research
To better understand the motivation of potential biospecimen donors, we asked participants how selected factors would impact their willingness to donate tissue for research ( Fig. 2 ). The majority of respondents indicated that they would be (9) Abbreviations: GI, gastrointestinal; GU, genitourinary.
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Patient Survey on Use of Archived Biospecimens more likely to donate if their tissue was used for broad purposes, supporting use for other cancers (78%) and other diseases (70%). Genetics research was viewed positively by most respondents, with 70% reporting increased willingness to donate. Potential use of their tissue without any consent (as might be done with deidentified residual tissue from surgery) had a negative impact on willingness to donate among 49% of patients; 31% reported no impact. Potential use of tissue for "controversial research such as cloning" (specified as controversial in the survey) negatively impacted willingness to donate for 49% of respondents, had no impact for 23%, and had a positive impact for 15%. Participants generally favored data sharing with both U.S. and international cancer researchers, with the prospect of data sharing making them more likely to donate tissue. Despite support for data sharing, some privacy concerns did negatively impact willingness to donate. Data storage within a government database (as opposed to a university research database) decreased willingness to participate among 47% of respondents, and, testing what we viewed as an extreme, 89% reported that availability of their health information on the internet would make them less likely to donate. With regard to views on governance of biobanks, 35% of participants reported that community involvement in decisions over appropriate use of their tissue would increase their willingness to donate, whereas 49% reported no impact and 8% viewed this negatively.
Responses to Specific Ethical Dilemmas Regarding Use of Stored Biospecimens
The survey presented three scenarios, based on the types of real cases that regularly confront investigators and those involved in research oversight. In each case, permissibility of research with archived biospecimens was questioned based on a potential conflict between research activities and the ICD (Fig. 3 ). All scenarios involved stored tissue collected from breast cancer trial participants who could not be contacted for reconsent.
Scenario 1: Use of Breast Cancer Tissue for Lung Cancer Research
The first scenario involved the question of using tissue for lung cancer research when the trial ICD stated that tissue would be used for future breast cancer research. Despite failure of the ICD to mention other types of cancer research, most participants (76%) supported allowing use for lung cancer research to proceed, 13% were opposed, and 11% were unsure.
To better understand the basis for responses to this scenario, we asked the more general question of whether stored tissue should only be used for research specifically described in the ICD. Overall, 36% agreed with this statement, 51% disagreed, and 13% were unsure. Support for specific consent was shared by virtually all (97%) who opposed permitting lung cancer research in this scenario. However, it is notable that 23% of participants who endorsed specific consent as a general principle still approved of the lung cancer research proposed in this scenario. This was particularly salient given that the majority of participants had breast cancer and thus did not feel scientific use should be restricted to their type of cancer if deemed useful for another disease, regardless of limitations in the ICD. In univariate analysis, responses to this scenario were not associated with gender, race and ethnicity, education, income, disease stage, or experience with research. However, younger patients (<50) were somewhat more likely to support use of biospecimens from the breast cancer trials for lung cancer research than older patients (89% vs 73%, p = .02).
Scenario 2: Use of Tissue for Germline Genetic Research Without Specific Consent
The second scenario involved a proposal to use a new scientific technique (next-generation sequencing) that would study both inherited genetic differences between patients (germline mutations) and noninherited genetic differences in tumors (somatic mutations). Participants were informed that the ICD stated that only somatic mutations would be studied and did not discuss risks of germline research. The scenario text also explained that the novel research technique did add risks to privacy for participants and their family members. As above, a glossary provided at the front of the survey and just prior this scenario defined germline and somatic mutations as well as genetics and genes in lay terms. Despite lack of documented consent for germline research based on this ICD, the vast majority of participants (88%) favored allowing next-generation sequencing that included investigation of germline mutations to proceed. In univariate analysis, participants characterized as "more knowledgeable" versus "less knowledgeable" about genetics appeared at least as likely to support allowing germline research to proceed (93% vs 84%, p = .08). As with the first scenario, younger participants were more likely to support the proposed research than older participants (98% vs. 87%, p = .03), although it was supported by a sizeable majority among both groups. Other sociodemographic and clinical characteristics of participants were not associated with responses.
Scenario 3: Data Sharing in a National Government-Sponsored Database
The final scenario involved the question of whether genetic information from donated tissue could be shared with international researchers within a new "National Genetics Database" despite a statement in the ICD that stored data would only be shared with researchers within the cancer center. Although by smaller margins than for the prior scenarios, the majority of respondents (70%) favored sharing stored genetic data despite the limitation described in the ICD. Interestingly, participants with a medical or research background appeared somewhat less likely to support data sharing in this scenario (55% vs. 75%, p = .07). Otherwise, no sociodemographic or clinical characteristics were associated with response to this scenario in univariate analysis. Respondents with a positive view of research were more likely to support data sharing (76% vs. 57%, p = .02).
One of the issues often cited as an ethical concern related to genetics research is the theoretical impossibility of completely deidentifying genetic data [12, 13] . We sought to understand if concerns over limits of deidentification of genetic data affected participants' views, but only 25% reported this issue as a concern. Among those concerned with this risk, 42% still favored allowing data sharing, compared with 86% who were not concerned (p < .0001).
To better understand attitudes toward privacy and data sharing, we asked participants if they would be comfortable Table 2 , participants were most comfortable with sharing data derived from biospecimens collected with informed consent (88%) versus sharing data derived from residual blood or tissue from clinical procedures without research consent (65%) versus sharing clinical information from an electronic health record without research consent (59%).
DISCUSSION
This study was motivated by real scenarios in which the permissibility of using archived biospecimens based on details of the ICD was in question. On the surface, such cases seem to balance potential for scientific progress against our obligation to respect the autonomy of research participants as expressed through informed consent. However, as is well documented, the informed consent process is an imperfect expression of both understanding and intentions of research participants [14] [15] [16] . It is therefore not clear that when historical ICDs fail to address a modern scientific proposal that the ethical default position should be to prohibit research with stored biospecimens. There is a need to consider the magnitude of potential scientific benefits, the potential risks of the research, and the intentions and interests of those who donated the blood or tissue. This study highlights the potential for donors to have an interest in seeing their blood or tissue used productively to advance science. Participants demonstrated very high levels of support for translational research (94% willing to donate tissue), and the vast majority (86%) expected that if they donated, their tissue or data would be used to address any important scientific question. The fact that 31% also expected to be asked to consent to such research could be taken as a contradictory response. However, in light of the responses to specific scenario questions (with 65% of this group supporting the lung cancer research, 88% germline genetics research, and 57% supporting data sharing, respectively) this may be an indication that although many patients expect to provide broad consent upfront or that they will be recontacted and reconsented as needed, a majority may still support use of biospecimens for research when consent is uncertain. These data suggest that investigators should seek broad consent and plan for recontact at the time of tissue collection when possible [4] .
In total, for each of the three scenarios we proposed, a sizeable majority of respondents favored proceeding with biospecimen research despite the fact that some aspect of the study was not described in the ICD used at the time of tissue collection. A minority (less than 15% in all cases) took an opposing view. How investigators and those charged with research oversight should respond to this important but minority view remains an open question. This study demonstrates that issues of respecting the interests and intentions of participants and sustaining trust in science cut both ways. The questions on factors that impact willingness to donate as related to questions of broad versus narrow use, governance, and data storage can all be taken as a proxy for support for research and trust in science. For many patients, willingness to participate, and perhaps trust in science (not directly addressed), seems to increase if broad questions are pursued, regardless of specific consent. We do not suggest that these data demonstrate that the concerns of the minority should be overlooked, but rather that the specific factors of each case must be considered, with appreciation of the interests of research participants on both sides of the debate. Table 3 lists ethical considerations and key questions that can guide deliberations over use of archived biospecimens on a case-by-case basis.
These questions should be further evaluated among diverse patient populations and settings [17] . Although we achieved a high response rate, suggesting that the results are generalizable within our cancer center, this survey was conducted at a single academic medical center with a predominantly white, affluent, and well-educated patient population. Although the majority of participants had breast cancer, 80 patients representing 12 additional distinct cancer populations were also included. Furthermore, we did not detect differences in responses based on most sociodemographic or clinical factors, including stage or type of cancer. Younger patients seemed generally more supportive of broad use of biospecimens without specific consent than older patients.
Whereas our work confronts the novel question of what to do with existing biobanks as both scientific techniques and ethical standards evolve, much of the prior work in this area has focused on how to prospectively reduce issues related to future use through improvements in the informed consent process and biobanking governance as new samples are collected [3, 18, 19] . This work has informed the revised Common Rule that now includes support for broad generalized consent language [20, 21] . Prior work demonstrates strong public support for biobanking and the acceptability of broad generalized consent when tissue is collected [18, [22] [23] [24] . A systematic literature review of attitudes toward biobanking among bioethicists, patients, and the general public found that those facing illness are typically more supportive of broad-based consent for use of their tissue and less concerned with potential risks of reidentification and data sharing compared with other groups [25] .
Prior work has also identified two concerns regarding broad consent for biobanking in the general population: commercialization and the nonwelfare interests of participants. With regard to commercialization, multiple studies have demonstrated concerns over commercialization of biospecimens among the public and potential for this to decrease willingness to contribute to biobanks and to erode public support for biobank research [26, 27] . The literature demonstrates that disclosure of potential for commercial use and transparency can mitigate these concerns, and public support for commercialization can be fostered by independent governance of biobanks and reinvestment of financial support in future research [27] . In our study, participants indicated that use of their biospecimen to develop a new drug or sharing of information with a drug company would generally increase willingness to donate, with less than 20% holding a negative view. These limited data suggest that patients with cancer might be more open to commercialization of their biospecimens then members of the general public.
We did not substantially explore concerns over nonwelfare interests (interests related not to direct benefit or harm but to the religious, political, or cultural views of participants). These issues have been shown to impact willingness to participate in biobanks in the general public [28] . Participants in our study supported broad use of their biospecimens for other cancers, other diseases, or using techniques or data sharing not specified in the ICD, but with the exception of one question about "controversial research" and cloning (which most did not support), we did not touch upon issues that might raise nonwelfare concerns. The focus group research that informed the development of this survey offers further exploration of the potential rationale motivating the views expressed in the survey [10] .
Our study demonstrates support for biobanking and broad consent among a population with cancer. Previous work focused on questions of how to prospectively plan biobank research in oncology. Braun et al. conducted structured interviews with 30 patients with cancer in Hawaii and found strong interest in donating tissue for biobanking and acceptance of broad consent [29] . In a survey involving 224 patients with cancer, Bryant et al. found that 84% were willing to have leftover tissue used for research and majorities favored both broad one-time consent for future research (71%) and linkage between their biospecimens and clinical data (62%) [30] . Similar to our findings, a minority (21%) preferred specific consent for any proposed use of their biospecimens. Pentz et al. explored potential racial and ethnic differences in views of biobanking among 315 patients with cancer and reported that 95% supported biobanking and most favored broad consent without recontact; similarly, the authors found that views did not differ based on race, gender, education, or clinical characteristics [31] .
To our knowledge, this is the first empirical study to address patient views on how dilemmas involving novel scientific techniques and questions of adequate informed consent with stored biospecimens should be resolved. Several conceptual papers frame these issues as a conflict between scientific progress and the protection of research participants [32, 33] . Others argue that research participants may have an interest in seeing productive scientific use of their tissue, regardless of consent [7] [8] [9] . Our study provides empirical evidence documenting the validity of this interest.
Patient preference is not the only factor to consider when determining the permissibility of research with stored biospecimens. Importantly, even in this relatively homogenous sample of predominantly affluent white women with breast cancer, there is diversity of opinion on virtually every topic, including a need for specific consent for each scenario. However, the fact that in all cases, a large majority of participants favored research advancing even without specific consent should give pause to policies that call for blanket restriction of research with stored biospecimens to the scope of older consent forms. The scientific value of some collected samples from prior clinical trials may be difficult to replicate, and it is not clear that we serve the interests of the research participants, trust in science, or any other ethical principle by restricting all research that was not adequately described by modern standards.
Patients signing informed consent are not typically given a wide range of options to indicate their preferences for future use of their blood, tissue, or data. Nor does signing consent imply a clear understanding of the way their biospecimens will or will not be used [34, 35] . As demonstrated by Beskow and colleagues, even with extensive efforts to improve disclosure and informed consent, many potential biobank participants lack understanding of future research and potential risks [16] . In this context, the data presented here suggest that by restricting research with stored biospecimens we may be violating the interests of many participants, just as we fear we are violating the interests of some if we permit research to move forward without specific consent.
In addition to limitations noted above, we acknowledge that respondents to hypothetical scenarios in a survey are an imperfect proxy for the actual research participants in © AlphaMed Press 2019
Patient Survey on Use of Archived Biospecimens similar cases. Furthermore, although most participants in this survey favored allowing the proposed research to proceed, this does not diminish the interests of the minority who oppose research without clear and specific consent. This study documented potential risks to trust in science and future participation in research that may arise from either strict or more permissive interpretations of historical ICD for archived biospecimens. There will be a persistent need to consider the specifics of each case as dilemmas over use of biospecimens arise in the future.
Despite this ongoing uncertainty, we believe that these results are helpful to the field on several levels. First, although our focus was previously collected specimens, these results strongly support current efforts to develop improved biobank participation and consent prospectively. Broad consent, as opposed to specific consent, is not only acceptable but preferred by most participants and will mitigate some questions regarding ICD adequacy in the future [25] . Our study suggests that explaining potential for broad future use in the consent process is likely to increase willingness to donate tissue. Second, our results indicate a need for caution in assuming that the interests of research participants are best protected by restricting research to areas and methods specified in historical ICD. We do not suggest that when there is a clear contradiction between the consent document and proposed research that this be ignored, but for issues such as the extent of data sharing permitted or changes in scientific technique (such as next-generation sequencing) that may not be described but introduce minimal additional risk, caution should be taken before assuming that a potentially valuable scientific resource should not be used on ethical grounds [8] . We feel that the factors outlined in Table 3 should be considered in future cases to guide case-by-case decisions. Finally, given the apparent diversity of patient views, there is a need for increased transparency, community involvement in deliberations, and consideration of documentation and publication of regulatory decisions regarding biobank governance to allow for public comment, consistency, and accountability [8, 27, 36] .
CONCLUSION
Oncology translational research using archived biospecimens relies on a partnership between researchers and patients who donate blood or tissue. Our scientific efforts must have a strong ethical foundation of informed consent and respect for the interests and autonomy of research participants. This includes the participant's interest in maximizing the scientific value of donated tissue.
